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(54)Title: ENZYMATIC FLUORIMETRIC ASSAY OF cAMP AND ADENYLATE CYCLASE 



(57) Abstract 

A method for quickly assaying the cAMP content or the adenylate cyclase activity in a biological sample containing endogenous 
non-cyclic adenine nucleotides without resort to any radioactive reagents. More particularly, a method for assaying the cAMP content or the 
adenylate cyclase activity in a biological sample containing endogenous non-cyclic adenine nucleotides selected from the group consisting 
of c AMP formed by endogenous adenylate cyclase, ATP, AMP, ADP and mixtures thereof which comprises: (1) adding efficacious amounts 
of apyrase, adenosine deaminase and alkaline phosphatase to the above sample to thereby enzymatically remove the endogenous non-cyclic 
adenine nucleotides other than cAMP and glycose-6-phosphate therefrom; (2) enzymatically converting cAMP into AMP; and (3) thus 
quantitating AMP without resort to any radioactive substances; and a kit for performing this method. 
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POtM'? y s/^Txy^^3', 5' y ^@0£> ATP(7f7^y-£!)y 

S3, AMP(7fV^ U^)), ADP(7fV^-Z V ^m)#£XfZ. 

b*v^T?»3&t to-cife o x wm-fth^ ( 1 ) ±HB 

6-U ^SftSr#*WlcK5*"f5fc»^T t°7— £\ 7f/ i^7*7 5 -7— -tffc «fc 
t*7 A** U7t^77? --£tf>W8MB:&iB-& U ( 2 ) c AM P £ AM P £IMttt 

> 

7f=/l#y^ 7— £ (7f= y 7— E\ Tx-^i/^ 7— £\ E C 
4.6. 1.1) te. Mg 2+ *fcliMn 2+ ©#ftTT' 
ATP -> c AMP 

•lliltt^Wt^h/SMW^bSrffiW'rS n £ 5 [M. R. Bristow et 

al. , New Engl. J. Med., f£307#, 205H(1982^) ;K.G.Lurie et al. , 
J. Thorac. Cardiovasc. Surg. , ^86#, 195H(1983^)] „ 

:©7f^^ 7 ^-tfiSttte. 7f=A«'>^ 7-if©ttMia «3 A 
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TPi> b&l& ^5cAMP ft<©£ffc&»|jrf S i <b X o.T^fe £ r t ^T't 

So 

c AMP(1M? y 5' y>&)fil 9 5 7«fs Jfflftl- 

£ft [E. W. Sutherland et al. , J. Am. Chem. Soc. , f&79#, 3608H(1957^)] x 

MWK*^(ACTH), 3t&f^/M^E-^(LHh 
/We V(TSH), WWWMWl^j^ y(PTH)ft <5D*/I^t ^7°P * 

e>a»£fcofc„ c amp 14, K^y^tt7-;yM$ 

c AM P tt£ft|*i-CI4eifc«&i-3 Tf=^->^ 7— £ I- «t -o TATP^f, 

^#(dj!2;<#^-rs^> *«^»*-e*>s(«»««o. i~i n^^/mm&) 0 

c AMPOQ^ftjfct LTtt, cAMP££*i"**R&ffl^S#&*fcll*felt*& 
«EifeiSjBjffiT*>5. cAMP^ftfi»^*, JtfifU $Hk aifcttSfcifcfrS 

^m^mzmimmte xu^m^mmtDmm^m^ camp ^sa^-rs r 

^^^oi^7"7--lfStt^Mi-5fc*<DWffl^&^^«9#S„ cA 

^ I (/r ^ y 7 ^ i/tf y^°^ I) 7 7 5 y-&Hx«>£-f5, 

v^-TVW^K^A* f©fe)t?:fflt5 r £ #T*# 5 [Bourne et al. , 

Nature, ^348^, 125H(1990¥)] 0 
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mt'&m ©sffii^t s - 1 a* x # a o 

y-lr^+-(cAMP)as, ti^tr— Yt LT£j££*l5o cAMPOil 
lii^iaotli, #^©^/i^E-^^^A^K*A«K©-»i LT c AMP 

15 ^-^>^/KD^(c:J:5iNB^giH4<^«, (2) c AMP*£{dgugfc8lliftMIE 
20 ^fttfj^fi, cAMP(Dmj£te, PS&tp<D c AMP <D&m&&Jk1rZ>Z.b\zX. 

<t 9 i"<w?—i>—b Lxmm-fz ^t^xz 5 0 «^i^ i p« c 
s^^-et, ^e«c AMP\*i/?i-^mmAmnx<D±fcft&*7ji-fo 

c AMP?rSI^-r-5r Jffj$BJ®<D£^£f*r5 r £&X% 5„ -ft 



WO 00/55356 PCT/JPOO/01494 

4 

5 4$$&&£04 1 LT tt, ^ffliJgwi&SPSrM-r S tc^M^X c AMPS: 

snrr s - £ # w ^>H5 „ &«a£©&»*iiiiisj±» 0 -r k u-j- y yfmmm 
, m x. /3 -r k v-*- y vfeswsusiraiis «t ur y^^r y is ymmmj 

fctt«i-eW7f^/l#'>^ 7— ^ffittSfctt c AM P ©SlJ£tt&#<Z>f&SK 

SltJSStic AMP«ESr»l^f 5ri^T?§5„ ftf!<E>i§£l-te, cAMP^ 
20 *fctt^*«^5 Wl6tt©fcS#aW*f&!lffcro#^**^'5fc«>^ c A 

M P <&WJ£«r|£Jfl-r § r t # S„ 
±flE©J: Sfc, c AMPteir#V s/-fe yit-Y — b LT«P t 9tt$fci§l-:fc 

i»P> % 7f ^v'^ 7-t'©if f^ffll: J; 5 AT P^M^W c AMPi 
25 «:W;£U ^i:7f^/*>^7- ^SttSr*ftfc9, cAMPWfl^ 

7f^^?7- If^tifewgiJ^te, ATPSrSSt U4^Lfcc AMPS: 
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ATP(«*.tf [a- 32 P] ATP)££K£U Tf=^>^^^7-if^M{- 
iO^^^fcJSWWttaiWcAMPC [ 32 P] cAMP)%ATPi^^lU 
5 *05#dWfiH4$r8lJ& , t*5 [Y. Salomon et al. , Anal. Biochem. , !&58#, 54lH 

(1974^0 ; R. A. Johnson et al. , In Method in Enzymology, <gl95#, 3M(1991 

ffl^fcIi77^f^n-7h/77^-»t [a- 32 P] ATPi: [ 32 
P] c AMP&#gtL-tl^ 0 

^Lfc c amp ^m^^K^mmvtc c amp tm^m^j^-r^ijiskm^M 

15 fc^>5 7^ Jx/Tv-tJ ® c AMPft|Ftt7 , of>r c AM 

p ^itiiBjag^&fljJB u c am p ^ y*-r— t? t l & 3 h- 

c AMP^JfcJ+IBfcaiJrt-S, ^Pf'f^yf-f^/rs'-fe'f [A.G.Gilman 
et al., Proc. Natl. Acad. Sci. USA, ^67^, 305H(1970¥)] WH^tS £ 

20 r<D(2)^^|HATP£K^fflVN5^«, JR^^I^^K*^*^^ 

25 li:/i5c AMPO^i^fcftiiJMO^tt+^fi&^^^^S^^-CV^Co 

ttjttt*fK*ffl^*v^s9^r5-^»*sa"Ctt*»' % . amp 

^AD P x AT P ^©^©MtTr - ^ l^tf Fi^ t cAMPO 
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zkfrbs turnout Lxftmu c amp <D%m^-mmm^h<Dt lt^5 0 

#|:at Pli c AMP©1 Mfe<Dm&x-fttE r r©«tp^ 
@tt»AT P Lfc^RlJ . c AMPOSHtttlSKWl^Pni 

5 c AMPI4^^^^^X7~^Wffi{Cj;!? AMPi^^^tL5^ N 

AMP^SO^IClOl/NTtt, S{t#^^W^ffiV^^V^^•^p^$tvrv^5 0 Lowry 
btt, ii5cMt° y * Vtt K<D&*&Jfl^fciSJ&££fi8: [0. H. Lowry et 

al. , A Flexible System of Enzymatic Analysis, Harcourt Brace Jovanovich, 
. New York(1972^) ; F. M. Matschinsky et al. , J. Histochem. Cytochem. , %\$%, 
10 29M(1968¥)] fcBI^LTV^o otitis iBrcS^a^W 5 YT<f^*?%9 

VV V^(NADPH)<7)340nml^-t5gR3t^0. lmmol fofc <9 0. 617&7* 
-fr £&*|JJB L, ffc^MM^ibN AD P H(DMM^*fc5^T*fc5 0 

y 7- W« y p , ) ©#STT-am p ^ «t o gtt^k $ tv5 r t 

15 £#JfflLfcAMP<D$l]£ktt^£*lTVN£ [E. Helmreich et al. , Biochemistry, 

S552#, 647M(1964¥) ; fl51#, 13lH(1964^) ;MTrus et al. , 

Diabetes, H29#, lM(1980¥)3 „ rcO^&T'fi, /Da-^^a-^- 

i -y i^fticscift$tL5ft*»e>^y y 7~£j£tt«r#«>, -<£>s 

t££fggl£L-C, AMP<Z>S«r8SJ£i-5££j&s-C#5 0 AMP£iii« 
20 "^a^ra^&fi, Lurie^U:ioT|lfl3g£;ftT^6 [K.Lurie et al. , 
Ann. J. Physiol. , ^253#, H662H(1987^)] 0 

c AMP^Tf^ltv'^ 7— MtfSlt^ltl:S*5fe6l:. fWt 1 

(-J; 1 9^i"-5^&t*P?>t^"CV^5 [N. D. Goldberg et al. , Anal. Biochem. , W> 
25 28^, 523H(1969*£) ; B. McL. Breckenridge, Proc. Natl. Acad. Sci. USA, »g52#, 

1580M(1964^)] o 

^at p *v>fc» c am po»uett^Brte-e*>a t 
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P^ADP, AMP/i^^'OrtBM^Tff W K«**> 

=J -x-6-y^m%&m*fti<^xm$i&)iz.miiLtz&, ^©camp^am 

PfclKHWfcaBfcU SfefcAMP&ATPfcaafcU *LT, h— 

6-y^£fcg*LT^A'3-*-6-y LfcfL NADPHCI^U 

r©NADPH»«Sr**3t«ft-caSL, c AMP«*fcBB3*5w£lc:.fc 
W»&J&Mi4^«£ffl^3" BfSSSfS • fc3*KfS0>*"C, cAMP 

(WO 94/1 7 1 9 8) 0 

^lt, ^Ko^feSrfflv^art-c, Mgt-^-wttt^ttiW^c amp 

*4-pmol*fcttfmol ^^"CSEflt^^lrfS - t OTIBfc fco It [A. Sugiyama 
et al., Anal.Biochem. , ^218#, 20M(1994¥) ; A Sugiyama et al., 
J. CI in. Lab., $8$, 437H(1994¥) ; A. Sugiyama et al. , Anal.Biochem., fg 
225#, 368H (1995^) ; A. Sugiyama et al. , Yamanashi Med. J. , ^10#, llH 
(1995¥)#!»] o 
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ATP » ADP + P, 

AD P » AMP + P, 

5 V* * l^T^— "tf 
AMP + H 2 0 » 7f;^+P, 

Ig2 :3EifeRl5l (cAMP^^AMP^Ift) 

^ Jfr i/^ -if 7 — 
c AMP > AMP 



IH 3 : aafcKf&2 (AMPi»&ATP^») 
AMP + ATP(«B*JB — ► 2 AD P 

ADP + **#:n/— yWtVUbTVK ► AT P + tVUKVifc 



atp + 7 a-? v— * * h— *-6-y yi+ADP 

AD P A-fcVH:*^ »AT P + fcVU 
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It 5 : mm&fc ( N A D P H Mfe) 

* * ft 'zx s( y y — £ 

^-^.6-!)yi+NADP + 

►64^*^3;7i!' h>+NADPH + H + 

5 . ±fB(D«^f^&[i, ra^^^l^Hfcc AMP(D^i?ttfc^ 

y*~Sl^i/?7~-efetiE.mj£m#£Vc AMP^(W094/1 7 1 98)© 
^feMii^^T, EDTA/^W^ h#J£ffl^Tl*M I P<£>Mg 2+ £ 
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7*^77 — t? <Dt£&*M7£-r 5 ft r £ t> t? t So 

k«*j J:rf^=-^- 6 - y vKoufe*) 

7b*7- fe* 
ATP ► ADP+P, 

AD P ► AMP+P, 

AMP + H z O : ► 77^ ->>+P ; 

7f/'v'^+H 2 0 : »^VO+NH« + 

6- y ytfc ► ^/i/a— ;* + p , 



10 
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^n-*. l . y yffe ^yWn — 6 - i) >m 

^ + H 2 0 + 0 2 > 



cAMP » AMP 



AMP + ATP(iii) ► 2 AD P 

■ \ • 

ADP + *^*xy- /UkVUfVgf » ATP+t>tT 



(AMP(r«fc 9f£te{b) 

^JJn — y>+P, » 7- 1 -y ^| 

^a- ^. l-y^ife > ^oua— *-6-y > 



^3-^.6-!)y®+NADP + 

>6-*^*^3/7^ Fy+NADPH + H + 
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6-*7$^3y|ft Ko^t— fe\ Mg 2 + 
6-*^*^3ygj|+NADP + ; _ 

,i)yp-X-5-'J yi+NADPH + H + +C0 2 



a-{r hW^+NADPH + NH/ ~ 

? yj+ NADP* 

x-fi-'J vEfr+ NAD P + " 

►6-***^='/ 7? hy+NADPH + H + + C0 2 



6-<h*#4' r A'= , >'S?T r t Ka^t-^, Mg 2 + 
e-U^^Vt+NADP' 

,ij/D-^.5-!)yi+NADPH + H + +C0 2 



-&ffi£0£2 (N AD P H©**3t«SI^) 

^3-x6-!)y^+NADP + — ■ 

.6.*X*^3;5^ hy+NADPH + H + 



WO 00/55356 PCT/JPOO/01494 

13 

V 73 -&my--( ? t^Rfo 2 (AT P-AD Pif^* 9 /US^J- X ■ 



ADP+^7*xy — ^ t°/U t' Vgg > A T P + tVU t* 



^■>7j7- fer\ Mg 2 + 
AT V y+0 2 

^^iD^+Pi+AMP + CO^Jt 

KS*i <fc TJf7U=i - x - 6 - y ^«w>6fe*) 

^^/(T^V^^, ATP, ADPi3J:U!AMP)^i^|:^t5Ig^ 

ix^S^^^^^^^iSfcS^ix^fcS^TO^cpwrtS^ATP, AD 
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ct t>*r y * * ^ 7 ? — i? srffi i n t , n - x - 6 - y ^mz-&& & tus 

X J 7-yZf2- m&BLfc ( AM P ft) 

^ y--^^^^^6^4(-^^*^Xx7--e'$r^ffl^-Br, cAM 
P & AM P (£*Kf&). 
^s^S-tfefflKfSi (NADPH©*3t3t*«3£) 

y ^»4ft»fl«HJ:6-Jh^*^=i/ 7^ h^* NADPHWH + l:Ml; 
^&£*L5„ NADPHgS^^^Trus^O^rjfe [MTrus et al. , 

Diabetes, fg29#, lH(1980¥)J £}fc£I:fc£/B^T8!l£1-5 0 

fr^ / 7 9 h^tt, in vitroT'WLT 6-^ 

^^^^lllfltS: <t#T*§\ $e>t6-*^*^/U3^ift|±, NAD 
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P + 0>#£TT-in vitro-CNADPH, *5 XXIV Zfn— *-5 -]) I'&fcSafe-fS 

DPHg^£±E<bl^^#J;ttfTrusib<^}£ [M. Trus et al. , Diabetes, ^ 
29#, 1H(1980^)] fcf£U\ ^^fifetrffl^TfilJ^-rSo 

^^^iESalomon^ltfett^fe^.t^r^ U 7 7 * — ¥ ^fflt^V^ 
£fflfe©ffi:£-eiW£Lfc££6\ LT^fc [Weign et al., Anal. 

Biochem., S§208#, 217H(1993^)] 0 «*gtt«^ftt^*^ftfe^5>#e>Jx 

7-- fe^<fc£ [ 32 P] c AMP5M»S:B6<*fc»K:*Sa 

£ <b ^f^3 -^ffif--T * 2 T*^ LfcATP-ADPt-f ^ 

ftfrftfctt, (D^flSlWlW^rtHttATP, ADPfcWAMP^b* 

•r— if Sr^tf * y -~ vym&m^ r/^t ? V , (2) ^ft^WfWt 1 © c am 

P £ AM P Wl-Slfe-r S ©J^Wa*!: x * i^;* 7- 7 — t? S^tHS* 

Sf&ffl^-rr^y k tJivo) (a) try y^&^/ua— -y^f^ 
&-f sfc&o^y 3— &«y j'S&s.fciwy 3-yy^*u7-t 
(b)^a-^-i-y ^86*^=— -^-6-y i^fcjafe-rsfcfc©***^ 
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-isrES&ft'^TArltiy K (2) tft^W© c AM P^?> AT PO|| 
Wglfc^fc*©^*©***^*^— e\ ATP, if, 

*3«tt/(3) (a)ATP^7/^ h— lsm^&tZ>tzlb<D7;\s? f— 

*-e-y yif't KD^-^'*5«tt^NADP + ^tf^t±jsjSffl^-rr^5' 

h«r£tf, 4«¥WIWf ©c AMPi4fctt7f=A«^^ 7— 



*^O^I4, 0. lmg^CO^gCO^^-^^, c AM P fi&SI^I-fi £ £ # 
T*£, ^LTl fmol*^<Dc AMP/f*^Sr88^i-5ri:iS-e#5 0 ^ 
fJflK&wai, AT P 5:iJ)D ^«ATP^>p© 

<9P^H+^co ATP t£}><F>77^y%9 u*?- KS&^TlJ&is LfcSL ^ftLfcc 
? y-^i^KiS waive, 7?*;yyfrh±f8.Ltz7y*=-VMs'(*>te- 

#*V^^/iiSfc|^jb^S^t,ix5 0 [Weignetal., Anal. Biochem. , ^208#, 
217M(1993^)] 0 
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m i at po)mmp&Mz.isrtz>j v**^-^ ymn\z.m-^^t^tstm 

04 #3g9!(D#jfe, ^#t^®^^fe^<^:tJ ? Salomonfe^ffl^^TT7 ^ -/^^v' 
* 7— ^fiH4SrJtttiM^Lfcje*Sr*ii*^7 yxht> 0 

cFtvCI^Tt) cfcl'* [Lowry et al. , A Flexible System of Enzymatic Analysis, 
Harcourt Brace Jovanovich, New York (1972^)] 0 

c AMP, ^-e-y i^Bfe*s «fcT^«:< £ t i«©#jMK7x=:'** 

l^J-^KH, BP^ATP, ADP, AMP4fctt^ixe>©S^**»fc/ji5W*»t> 
#77*=^** l^tf M(ATP, ADPfeJllf/ifcttAMP)^^^^ 

"tfc*>*>, 1/12-1/6, ^t>i/6^^si$iat««$ 

^x^7°i y-^^^^v-a ^^2 
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<5o 

7" y 7° 2 — M&fx.ft> (AMP {fcRj£0 
±fBSf&?g^#»^*^* S*£*7- 7— £ t ^ LT^I-tpW c AM P$:AM P 

^fs//3-tjiaiSJS:i (NADPH©&#3fc£ffl:£)' 

URf&m&to'p -e* * * ^= a * -if t &fc £ = - * - 6 - y ^m%± 

fijt$-fr5„ oV>t, 6-^*^3 7 7^ hy, NADPHS.tKH + {C^^) 

^<7>N AD PH<Z)M^±fe^ipCOTx^/^>^ 7— £JStt* c AMP1S 
fctt AM P ft& £ ffiBI-f 6 o 

~<D c AMP (DMfefete. c AM PCO 3 ' , 5'-*^*^x7f^©Kl: 

J;ot^t5AMP^ ^y n— y^*x*y 7— Vfe&*Wi8fctZ>b^oU 

c AMP^^LfcAMP^/i; a— y 7— t?£St4rt;Lftl&tfjK 
# ^ ttfc N A D P H ©R fc» JC-T 5 o 

n a d p H<z>ftttit& t amp m&<Dtmvmt±, a*. x o r** 

5 5(0 2 #HB). 

77-*, ^ya-y^*^*y 7-^-^3-^-1, 6-ry^ «imy 

/yn-^y, N AD P + > ^3->6-'Jy|ftKnyt-l * 
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5 5«fc5i^ NAD PH, H + *?<fctfC0 2 t LT±f2* 

X y 7° 3 ^ffiTOT-^-f S N A D P HW^Sriti* 5 r 5o 

-^K 1 N A D P HWt^liSli, m^f-^^/l- 

10 >r h ^/l/^ ;l#©^TT NADPHIiNAD P + fc',J;{j:^^ 

H5o NAD P + f3|lH#U mu£tlfc?/l'=i-X-6-V ym%6-frXfcy/\s=i 

hv(ijbP7K^$H(H 2 o, mm), e-fcxxr Knyt- 

if *> «fc rfMg 2 + ©j|STT' y 7*n-X-5-!i £XfN A D P H 5 i 

15 <b# 5 t?cF<5 [Lowry et al. , A Flexible System of Enzymatic Analysis, 

Harcourt Brace Jovanovich, ^a.' — 3' — ^ (1972^)] 0 
*7-*^-7°2-mk*-7i/*ls%.fo\ (ATPfc) 

c AMP A> SAMP li, «S(DATP<D#^TT^^ 
■7-— if irzl^i-S ^tl-<tOADP d &T*% 5 0 ft^^filc LfcAD 
20 Pft 2-*^iy WVtVl^t^®?jo c kTJ!tVl't'^df^--ifT*^a-r-5 ^ <t £ 

<fc«9, ATPi fcVHf^f^&£*L5 0 -^SJSJ-J; 9, l^AMP^f, 
1 5^f©AT P^^-f5 (AT PfcKJSOo 
±IE<7)c AMP^ibAMP, ADP&jjltij LTATP^SS, ^T77*2-I 

25 ^X^/7 D 3-^{±1SJ^2 (NADPH<B$#3te£»£) 

? ^fcit^ADPjc^^tbS,, ^Lfe7/u^ 



WO 00/55356 PCT/JP00/01494 

20 

5 0 ^rLT, m&iZ., N AD PHgg $rTrus b<Djjfe [M. Trus et al. , . 
Diabetes, ^29#, lM(1980^)] £^8!l£-f5 0 
*X v 7° 3 -^ffi^TV 3 i'KfS: 1 

S&fc3Efc20ftU r0 6-*^./tc^=iy^$ r NADP + <^#^ET-e, N AD P 

H, H + , co 2 fcJ:t;y/n-7-5-yytMLTt)J:i\ 

* X * ^ 3 - fcffllf'f * 2 ( A T P - A D P V /l^J& f- ct 5 m^) 

^LT^ ^{^ATPli, ATP-ADP^^^Si^{-^^H-5o BP*>, AT 

V ^fcit/ADPf^&^tbSo &K^C0ADPf2, ^^.^ocy— ynf/uc*^ 
— h#]HEDTAtf>J;p&jKyT 5:7 ^xyi©J;9^^/U 

=> — *-6 - y sttSo 6 - v 6 - y 

^x t'Kn yt-1?*5 iU t NADP + -C^ffi-r 5 i £ J: o T 6 -ah * nfr ?Jl> 
KV*3j:0NADPH|C»$tL5 o ^LT, NADPHl^Trus?) 
[M.Trus etal., Diabetes, ^29#, lH(1980^)] 

*X5>7°3-&aiaS3 

*3BW{-fcv^t»i, _hfB*xs/:/2 -^^i/ a :/gJ£i<z>ATP 

ikB.&X*±l8.Ltc AT P testis? *7 — t/ib*)^^/l'/l'V7x y 
^^5<k^«3fc»«ffeS:fflV^ift*Ki!l3£^J;oTtftWLTt iV^ [Wulff 
et al. , Methods of Enzymatic Analysis, H. U. BergmeyerUft, VCH(1985^)] 0 
ATP©fiH£f(«»S> % AMP*3«fctfc AMP&&%t>mzZtl\Ztt1&t&77 l! - 
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^^9 7— m&*Wtii1rZ> - t*J-e# 5. 

A>&i'9 7—emte&M9V y^^77^y-3', 5' — y V&(c GMP)*5 
WTy^-a', 5'-!jy»(GMP)©£ii:ffli^iH"C*5. ffli^ 

Tyu^ y #;*7t 9 — fc* 

GTP > GMP + 2 P , 

GMP + H 2 0 > 9T / i/ls+ P , 

i^-> k*** y 7— tf 

^T/-»+P, : » ^7^> + y/1?— >^ 

* 7 /t; v?.x 7f7-fe' 
cGMP ► GMP 

9 t - y * * y * — h df- i— \£ 

CMP + AT P — > GDP + ADP 



* T -y ~f (i i i) — r-f 9 /Ufcfc 
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PCT/JP00/0I494 




tVUt'Vgg+GTP 



GTP + 3^^-CoA 



GDP+3A^S 



tVU t*>®?+ N A D H + H + 
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5 £ y > 5 • (g d p ) t a d p bnz> 0 

*Xs/7°<iv)-&ttj£j& 

ADHSraaPL"ClBI«WI^*$H5o *»< LT, >f ^*-*HWft©**tt» 
cGMP, GM PXJi^T=A#v^ 7-*l:oV^7 y -fe>f ^tlS^^ti 

Lfc&, '^$ixfcNAD + ^T/i'*y^fflv^T, J: 0 v <»2 -fc K 

T^-5[K. Scyaetal., Anal. Biochem. , ^272#, 243M(1999^)] 0 

tf^ioT^-rSATPfi^ail^LT, GMPlt*ft5rtfet5„ 

ATP fi±teT^ LfzX 9 & N ^<7)^-C*a!l^1-5 r^ST-l^o 

\z.fcZXWMLXi>&\\ c AMPW^feS^^ixfc^-Oi§|IJl:^a>«r^fe 
3tt £ ftfcgEfc) ft <z> *7*^x777-f fc8Unrr 5 £ \z «fc o r^ip 

hM 0 ffiM&tltzc AMP<DHb^*^^^^X7— ^l-«toTAMP(Cl 
«S*$ft5fi(£«SIH(5~60#)fcfc, £JS£#it£-fr5 0 c AM P€BHPA«l$rP] 
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fWJaftSrSETgSiK (0. 5M<Dx/=r-?u — 0.0 3M 
©MJ^, 2 mMCEDTA) iCJStfU 2te*tf)P D Eil£^ (5 0mM©h 
5 0/iMOc AMP) SrSfetoU 3 7tt2 0^^a^-i/ 3 yt 

u&m* 8 o t.t* 3 o lt i o mm<DWSt&]&m&. 

Tx^Aflfe^^^— 1fStt*3J:^c AMPtWlc AMP#g|ft* 
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idtt^T^od^W^Wi-So Wh, *%m\t, Y. Salomon X. otJ!*S 
frfc^jfeife [Anal.Biochem., 3?58#, 54lH(1974*f) ; Adv. Cyclic Nucleotide 
Res., f5l0#, 35M(1979¥)] £Mft<9, *M*t£W&H3B«ffl LfcV\, 
#«W©a9£#8il4, «fe{-it-<ili«T% »^SJ:«JIB^*)5 0 

*«M#e>^K:BB«LfciP3(fRlSSrfflV^fca!l^jfe [A.Sugiyama 
et al. , Anal.Biochem., f&218#, 20H(1994*£) ;A.Sugiyama et al. , 
J.Clin. Lab., $8$, 437H(1994^) ; A. Sugiyama et al. , Anal.Biochem., % 
225#, 3681; (1995^) ;A.Sugiyama et al. , Yamanashi Med. J,, W>\ti%, llH 
(1995^)] tit^LXt, Sl6«FBII*s*L<fitt*ix, »fft>J:9llitefct>©fc 

©^ft^fitj^t© c AMPfiSrpmol^fcfifmol U^/U-eiEtilfcMrf 

«m Lx^it&t&m&m* 5 ftftiiio^asi-i 1 l < *sirc# 5 r t& 

T*#5„ rojB&tt,. Meinrich3££/U2E.Helmrich^ [E. Helmrich et al. , 
Biochemistry, ^52#, 647H(1964^)] W^ifeSrfflV^S - £ J: <? % Kf£2i£ 
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'&%<D [a- 32 P] c AMP <Dit%i&& £Xf? n-? hV? 7 J -ftffite¥<D® 

5 ftfe&xmcis^x^ &&&&&& zkiz.s#Lxmm%&&*&&Lx^%\>\ 

M*-t£. c AMPfii£|fi*M«SBB( 1 fmol- 1 umol)Xm^mXh^ 0 

mmm 

10 X\*&.RlLtcBm, SIfci^77^^-lt Boehringer Mannheimth^^A 

fdo [a- 32 P] ATP, 3 H - c AM P 13 iVT ^ 7 ^>>yf l^-^ 3 > * ^ f 
TVWiNew England Nuclear£b5»£j|jf ALfc 0 Neutral Chromatographic Alumina 
WN-3fiBio-Rad*±§!i£ffl V *fc 0 

15 * y-=^R&i$ra<z>Kj£ 

3ML^ATPlS|l B n p(0, 10 % 100, 1000*5 .fcTJUOOOOpmol/tube) $:10X57£> 
Pyrex(fi\%&mftffi f glZ.)JQz.tz 0 ^fil-X, * y -^vr^jg^(100mM<7) 
hy^-HCl, pH8.0; 2mM(E>MgCl 2 ; 2 U/mL£>T fc°"7 — if ; 10U/mL<7) 
Tf*y '>^7*T ; 40U/mLWT/^ y *X77^- t?)25// L£&##f 

20 wi-in^yco ^Kos^ifeSrsrc-c^^^fa^— hLfc(o, 5, io % i5*jj:^2o 

»BB). ^X^y2-^Sl^(AMP<bSJS)*5<ttJ ? ^^v'3y'Sf& 
(ATPfbS^), *X*:/3-:t&mi^^KJ&2£tTV\ MOnntefcttSttft 

BlC^t, g<Tt>10^B8<Z>>r^3.'<— i ^3 yf^fM©AT 

25 p msra^-r -5 r £ mi^tc 0 

*mmm(D? y—^i/ jTKj&t 5'-*? u^y-^m^^tz.^ y-~y? 
5' -jz? u^y—ez-sts? v-=-^yfcfcu&y!)<Dmm 
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hU*-HCl (pH8.0) , MgCl 2> 5' -X* TM°y 



jD 1 

hVX-HCl (pH8.0) lOOmM 

Mg C 1 2 2mM 

5'-*fU*?-y—g 2.5U/mL 

Tfc°7— tf 2U/mL 

tt=v ">yfr ^ 1 0 U/m L 

7^!)$^77^-t' 2 0U/mL 

tK 

ATP ► ADP+P, 

AD P ► AMP+Pj 

AMP + HjO ► Tf/W+P, 

3 n L<DATP^!|6,5, (0, 10, 100, 1 0 0 0*5^1/1 0000 
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pmol/tube) 4:10X5 7 (PPyrexMftfff^^X.fco £fitet\ ±ET*HML 
fc^y--y^I^ (l0 0mM«h!J7-HCl (pH8.0) ; 2m 
M©MgCl 2 ; 2U/mL»7t7-f ; 2. 5 U/m L <£> 5 ' ? VJr=f-? 
— fe? ; 0. lU/mLW7r/i/yf7?t-f ; 2 0 U/mL©7/l'* <J 

V\ 34 0nml^^5!ft3t««rffl^U ATP^|^f 5 ^y^ a ^ 
->3^l*IWS:*«)fc„ ATPSr^fc?fi*$-B:Sfc»6lJ:tt % *J«i 

( 1 )um#j:TfBu&m&fo<Dmm 

fotz 9*&500^B©«frfl&l|IIII&aS£# LTVfc 0 lOOmm&fc •? £U007fl<ajlU&$£ 

-rS*'>^^^Tl#5£$-frfc [Simpson et al. , Cir. Res. , $51$, 787H 
(1982^)) „ 4 BBfc#Jfi&£fcLfc, l§*fett90%JU±<7)^«^WLT 
aa&fftttJWIffltf-JtTfcofc [Simpson et al., Cir. Res. , $51$, 787 
H(1982^) ; Rocha-Singh et al. , J. Clin. Invest. , $88#, 204i;(1991^) ; 
Rocha-Singh et al. , J. Clin. Invest. , $88$, 706H(1991^)] 0 

mm® ^28¥(n = 3^^-h /m \z.mmmtti Ltz a * * * ^ 

^^HS^m^OlO^l (0. 5mL)^«9, 12X75mm<7)/fc£-iM'$tff7X<g : cp 
-?SftU -80°CT'fit^Lfc o »9©4.5nLfcra«fc:a<S;U IffjKLfc. S9^B# 
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•C2#ISI8lttU (Branson Cleaning Equipment^ A Smith-Kline 

tt, *S)SrttfflLTl^lWjeif»ft!(aLfc 0 tttMfc£25// L©2 N KOHft 
ft L , 2000gT*30^r B 1iS^ \Jdk , ±» $80 |i L £#*f JB L 

b. * y-^^s^jg^ttoisis^^y^i ? y--vr£j£#f$) 

5 1 M<£> h y *-HC 1 (pH8. 0)400/* L, 0. 2M<Z>MgC 1 2 40// L % 500U/m 

L©T^7-- t?32/t L, 40OU/i»L©7fy''>yr7 5t- If lOOjtz Lfe^tMOOO 
U/mLOT;^ U ^77^- t?40/z L fc*SriP*.T^l:4 mL £ U ^ !J— - 

$t 2 : * v --^rmM&m 

io ffc^^i 

1 (pH8.0) lOOmM 

M g C 1 2 2mM 

7f7-* 4U/mL 

TfV iyy^T 5: — If lOU/mL 

15 7/^!J^^77^-t' 40U/mL 

7k 

^SS^2 ; , (1) -CPKLfc^y h«C?M»Jiaai«»S:3k^Lfc^, 0. 4/iL 
to^T-v-fl -if V—-*?*"?^ a (lOOmM MJ7-HC 1 

(pH8.0) , 3mM»MgCl 2> 3U/mL©7f7-t\ 150/ig/ 
20 mLOTT/i'^^t-f, 3 O U/m LC9T/W# y 7t^7r^-t\ *5 

iO 5 ? 5 g/mL©/!I 3-^77^ U 7-f -a) ^AD^T, 1~-<T<Z) 

Gfcifc Lfc„ 3 7tT*l V^rzx ^<-i/ 3 ^ Lfcf£, 8 0tt'3O ^fH^Pjfft L 

25 C. f WMolS(7f -^2 -^Mfci^f y7°2 -Mt7° 

1M« h y ^-HC I (pH8.0)400ju L, 0. 2M<DMgC l 2 40/i L, 4%<D$ 

>10jt L, 1 MCOKC 1 600// L, 0. XlAO's^Hr Y W I — /V80 
//L, 0.1/iM©ATP16/iL, 0.5MiO*^^/— /Hf/ut*>^24/z L, 2U 



WO 00/55356 
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/nL«)*7/tv;iXf7- t?24jz L» 720U/mL(D 5 if 24/i L&il/ 

2000U/mL<7)tVUt*>'^^-if 160^ L tv7K^n^.T^:fi4 mL £ U 

bVX-HC 1 (pH8.0) 
MgC 1 2 

KC 1 

if? it b l~f h— /V 
ATP 

5 if 
tK 



lOOmM 
2mM 
0. 01% 
150mM 
2mM 
40nM 
3mM 

12mU/mL 
4. 5U/mL 
80U/mL 

K^^^3-mta-t^^ 2 ) 



1 Mff) h V X-HC 1 ( p H8. 0) 400 fi L , 0. 2M<7DMgCl,40/i L, 4%tf>£ 



&MTA''7% ^10/i L, 0. 1M<7)7^^ b—X30u L&<fcm500U/mLtfV^y 
1 60/i L{d7K?rJ!lBx:T^l:4mL < b U f-4 ? frfcfcm.£-V>i$:fflML 



%4 : ? ^fcfoM$yo 








hU^-HC 1 (pH8.0) 


lOOmM 


MgC 1 2 


2mM 




0. 01% 


1 JX 


3mM 




60mM 
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e. ttffla£s^«j©ai«i(^7 t -y^'3-tfeuisj£:i2*fia) . 

1 M<D h V ^.-H C 1 ( p H8. 0) 2000 n L , 0. 2U<DE DT A320/x L; 0. \M<D 
NADP + 120/i L, 3500U/mLO3^^./}N^'yUn^yp<7^-if 6 L*3.tl/1750 

5 U (*ffl^iM'*A'«:l|«Lfc(*5) 0 



m 5 : ttWSJ&fi^* 

FU^-HCl (pH8.0) lOOmM 

E DT A 3.2mM 

10 NADP+ 0.01% 



*^*^=>f 7— if 7/1/^ ;* lU/mL 

Kn^-f 0.5U/mL 

7k 

( 2 )fc»#*fcfc:j3tt i^ilcAMP ®J£ 

^^Ri6^J:il«ffl^*»b«;5-ii©l|*W^«ai£li«t 9 c amp** 

<PfaLtz3 n L^fiO^/iattttl^dOOmmT"^— hfrb'&bftZWfe&fyKD 
20 2. 4%£ fctiO. 24%tf)V vf ftiW Sfcll3/jLOcAM PflSigfi ( 0 , 3. 6, 7. 2, 

14.4, 21. 6*J J: 1*28. 8pn»l/20 |i L) * 10X57 ©PyrexH&Hfrtf C&fltfll^lS) fcflP 

*-HC 1 (pH8.0) ; 2mM<£>MgC 1 2 ; 2 U/mL©T if ; 10U/mL(DT 

r; ->VxT 5 ^-if ; 40U/mL(DT/^ V *X 7 y if) Sr#^#fffliiP*. 

25 fc„ rois^«ijSr3rc-eio^ia>f ^3.^-hLfc 0 9(fCl*30&WmL 

2 ) &7-yf2 -m&fcfc (AMP fcSffi;) *5 .fclf 

-^^v-3>S^(ATP{bSl&)) 

* y -=>^K&o###rWK, c -e^M Lfc£iftKJSig£-#> (loomM© h y 



WO 00/55356 PCT/JP00/01494 

32 

7-HC 1 (pH8.0) ; 2mMC0MgCl 2 ; 0. 01%GO£ i/skMT/^^. 150mM 
©KC 1 ; 2mM^)i?fthW h — A> ; 40nMtf)AT P ; 3mtA<DfcXft^y — 

80U/mL(^tVH:*^dr-t— if)25/z L&SSflULfco ^ ^ a."*— 

3 ) ? C* =t y -7 3 -tittol-'f ? 2 ) 
^&£*S<7>g-#*JHf i-. DtiiLfct^f ?/U&J»£$Kl00mM<Z> h y *-H 

C 1 (pH8.0) ; 2mM<£MgCl 2 ; 0.0l%<D<yiytk^T^zf^ > ; 3mM<E>7/l' 
^ ;* ;60U/mLO^*y*-*— tf)25/ilS:SainLfco RtfSSfc?) (DlMffcS 

mt&m&%vm\z.m-\z--$-z>^bftmmx*h^ 0 $7°cx 2 Nf^^ ^2 ^— h 

(*Jj;^:4000~i0000f-^ ^/u) L/Co 

4) ^ffiSJ£:(^-riy^'3-tfeffiS^.2) 

Cl, pH8.0;3.2mM©EDTA;0.6mM©NADP + ; 1 U/mL©/^^/t/ 
/U=3>T y^7- if7/W^ h~ ^ ; 0.5U/mL(D^3-7-6-!;yift Kn^ 

125 /x L SrSsflU Lfeo ^UX20ftfflRfc'&^ V jVisrv * (Optical 
Technology Devisesf±, = ^ — 3 — * ) LTNADP HOftjfi!-jtS£$!l£ 

C 1 , p H8. 0)900 /X L<P 1 nmolC0NADPH^^^ffi{C1^5<J; h Lfc 0 

AT P£iiJDLT&/B U K*KlSS:ffii"tSfc»^AMP«flltfa6Srttffl U 

5 

340nml?<D^^iBO^{^J:or c AMP^ipSiCO, 3.6, 7.2, 14.4, 21.6*5j;tf 
28. 8pmo 1 /20 m L ) >6 > b 11 2 £ *L3 £PP c A M P WMt> v & b tltc 0 
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/\ 0©g«|llL, #5>ixfcSl(icAMPi£»(02)«:JBV ,k "C»l3eU cAM 
P 6 8 0pmol/100nnn7°U— h<£>Hg!]ftt£#fco 

5 jB03£ Lfc£3l«:l8l 3 (^i" 0 c AM P ^SOiH^mtt, ^*n?>;fri£<z>$#tEH4 

10 ~7l^i/^7—t?©f£f±, 1 &fR1btz9<D9>'<?Wlv%iZ.i5VfZ> c AMP<7)£ 

f£fi (pmol) "Ctf L/c d 
Hffitil 3 

1 M<D h y 7-HC 1 (pH8.0) , 0.2M©MgCl 21 1M®K 2 HP0 4 , 
0. 1MWAMP, 4000U/mL©T^* U*^77#- t?, 33 <fcUn0mg/mLG9^y 

* y ^fBij&m&fo&M bfc„ 
^6 : ? y-^^HJSzs-3^ 

20 h y *-H CI ( p H8. 0) lOOmM 

M g C 1 2 2mM 

K 2 HP0 4 5mM 

AMP 0. ImM 

7^#!l*777^-tf 20U/mL 

25 ^lJ3-yy*7*!i7-^ 10/xg/mL 

lM©h!J^-HCl (pH8.0) , 0.1M©MgCl 21 1M©K 2 HP0 4> 
0. 1MG9AMP, 0. lM©v?ft h W 1 — /K 1 mM<7)^Vl' 1 , 6 — ~ 
!Jyi, 4%(Z)!>v'ii7;l'7'^y, 0.1M©NADP, lOmg/mLO^y — y 
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yfcXfc}) 7— £\ lOmg/mLO/fcX*^/^ i^ — i? % *5<fctf5mg/mL<D;50l'=i 



m 7 : 








MJ^-HCl (pH8.0) 


lOOmM 


MgC 1 2 


2mM 


K 2 HP0 4 


5mM 


AMP 


0. ImM 




ImM 


^7i^-*-i, 6 -~Vym 


4/iM 




0.01% 


N AD P 


0. 2mM 


?*y a-^^D7-t' 


20^g/mL 




4 u g/m L 


^n-^- 6 - y Knyt- t? 


2 g/m L 



206/iMOry =*-#V&$ti'tZ>ry ^-^MfcMU 12*(7)Pyrexi!i 
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o ap^ nosL deaminase and alkaline phosphatase to the above sample to thereby enzymaUcally ^^^^^1 
adentaTnucleotides other than cAMP and glycose-6-phosphate therefrom; (2) enzymafcally convertrng cAMP .nto AMP, and (3) thus 
quantitating AMP without resort to any radioactive substances; and a kit for performing this method. 
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